Understanding disk evolution and dissipation is essential for studies of planet formation. Transition disks, i.e., disks with large dust cavities and gaps, are promising candidates of active evolution. About two dozen SED-selected candidates have been confirmed to have dust cavities through millimeter interferometric imaging, but this sample is biased towards the brightest disks. The Spitzer surveys of nearby low-mass star forming regions have resulted in more than 4000 Young Stellar Objects (YSOs). Using color criteria we have selected a sample of ∼150 candidates, and an additional 40 candidates and known transition disks from the literature. The Spitzer data were complemented by new observations at longer wavelengths, including new JCMT and APEX submillimeter photometry, and WISE and Herschel-PACS mid and far-infrared photometry. Furthermore, optical spectroscopy was obtained and stellar types were derived for 85% of the sample, including information from the literature. The SEDs were fit to a grid of RADMC-3D disk models with a limited number of parameters: disk mass, inner disk mass, scale height and flaring, and disk cavity radius, where the latter is the main parameter of interest. A large fraction of the targets possibly have dust cavities based on the SED. The derived cavity sizes are consistent with imaging/modeling results in the literature, where available. Trends are found with L disk /L * and stellar mass and a possible connection with exoplanet orbital radii. A comparison with a previous study where color observables are used ) reveals large overlap between their category of planet-forming disks and our transition disks with cavities. A large number of the new transition disk candidates are suitable for follow-up observations with ALMA.
Introduction
A central question in planet formation is how the optically thick protoplanetary disks around classical T Tauri stars evolve into the optically thin debris disks around older systems (Williams & Cieza 2011 ). An important part of the evolution occurs in the transitional phase between these two regimes. Transitional disks, disks with inner dust cavities, are considered to form the evolutionary link, although it remains uncertain whether all disks go through this phase at some point during their lifetime (e.g. Cieza et al. 2007; Currie & Kenyon 2009 ). One of the most exciting explanations for transition disks is the presence of a young planet that has cleared out its orbit (Lin & Papaloizou 1979) . This scenario has been confirmed through the (tentative) detection of planets embedded in transition disks through direct imaging for a handful of disks (Kraus & Ireland 2012; Quanz et al. 2013; Reggiani et al. 2014; Quanz 2015; Sallum et al. 2015) . As it remains unclear how and at what stage planets are formed in a disk, finding them at the earliest stage and study of their environment can provide important clues on the planet formation process. For a better understanding of the role of transition disks in the disk evolution and planet formation process, a large unbiased sample of transition disks with large holes should be studied.
The transition disk fraction is thought to be 5%-25% depending on the definition, and with the fraction varying with stellar age (Currie & Sicilia-Aguilar 2011) , implying that the evolutionary path through a transition disk is either rapid or uncommon. Transitional disk candidates are traditionally identified through a deficit of infrared flux in the mid-IR spectral energy distribution (SED) (e.g. Strom et al. 1989; Calvet et al. 2002; Espaillat et al. 2014, for review) . The deficit arises from the absence of hot small dust particles close to the star, which can be caused by either grain growth (e.g. Dullemond & Dominik 2005) , photoevaporative clearing (e.g. Alexander et al. 2006) or interaction with a stellar companion or recently formed planet (e.g. Artymowicz & Lubow 1994) , all processes closely linked to disk evolution. Thanks to Spitzer mid-infrared spectroscopy surveys, a large number of transitional disks has been discovered through a minimum in the infrared part of their SED (e.g. Brown et al. 2007; Najita et al. 2007; Kim et al. 2009; Merín et al. 2010 ). Submillimeter observations of about two dozen of the brightest disks have directly resolved large holes with pioneering interferometers, confirming their transition disk status (e.g. Piétu et al. 2005; Brown et al. 2008 Brown et al. , 2009 Isella et al. 2010a,b; Andrews et al. 2011) . The hole sizes generally match well with estimates from SED modeling, suggesting that the current interpretation and modeling of SEDs can correctly infer this parameter provided that the mid-infrared A&A proofs: manuscript no. Paper_acc part of the SED is well covered observationally. The Atacama Large Millimeter/submillimeter Array (ALMA) has produced even sharper dust images of a small sample of transition disks with evidence for dust trapping (van der Marel et al. 2013; Casassus et al. 2013; Pérez et al. 2014; Zhang et al. 2014) . ALMA has also revealed the gas distribution through CO observations, showing that substantial amounts of gas are present inside the dust cavities (Bruderer et al. 2014; van der Marel et al. 2015; Perez et al. 2015; van der Marel et al. 2016) indicating the presence of planets. However, ALMA has so far focused on the most well-studied and brightest transition disks. A larger sample is required to derive a more general picture.
Transition disk candidates have historically been identified through a range of different criteria (Brown et al. 2007; Muzerolle et al. 2010; Oliveira et al. 2010; Merín et al. 2010; Cieza et al. 2010 Cieza et al. , 2012b Romero et al. 2012) , usually involving the Spitzer colors in the (mid) infrared. The availability of Spitzer IRS spectra between 5-35 µm was crucial for classification and determination of the hole size in these studies especially in covering the 8-20 µm region where the SEDs reach their minimum but which is not well covered by the 8 and 24 micron photometry points. In recent years, far infrared Herschel PACS and SPIRE photometry has been used to identify and characterize (transition) disks (e.g Ribas et al. 2013; Bustamante et al. 2015; Rebollido et al. 2015) . Other studies identified candidates by comparing the infrared part of their SEDs with the 'median' T Tauri disk SED (e.g. Harvey et al. 2007; Merín et al. 2008) . These studies define a separate class of transition disks as 'anemic' disks: disks with homologous depletion of dust due to grain growth or settling at all radii, exhibiting a low infrared excess at all wavelengths. Furthermore, some studies distinguish between pre-transitional and transitional disks: disks with a gap (inner disk present inside the cavity) and disks with a hole (Espaillat et al. 2007) although there is no obvious evolutionary connection. A 'cold disk' (Brown et al. 2007 ) refers to a transition disk with a strong deficit in the mid infrared, implying a cavity with a steep inner wall. Note that a few transition disks have been found in millimeter imaging without evidence for mid infrared dips in their SED, e.g. MWC 758 (Isella et al. 2010b) Selection of candidates is sometimes followed up by radiative transfer modeling of the radial disk structure, to constrain the dust cavity size and disk mass (Kim et al. 2009; Merín et al. 2010) to determine the origin of the cavity besides clearing by a companion. Increased grain growth in the inner part of disk would result in the appearance of a dust deficit in the SED (Dullemond & Dominik 2005) , although this would not be visible in millimeter imaging (Birnstiel et al. 2010) . Furthermore, multiplicity studies can define the origin of the cavity as circumbinary disk whereas measuring the accretion through optical Hα can determine photoevaporative clearing (Najita et al. 2007; Espaillat et al. 2007; Cieza et al. 2010) . Theoretical work has also shown that photoevaporative clearing cannot explain the largest observed cavities and a combination of processes may be responsible (Owen & Clarke 2012; Rosotti et al. 2013) .
Overall, the definition of a transition disk candidate remains loose and has been used in various contexts in different studies. Due to lack of a large sample of transition disks, general properties remain uncertain and it is still unclear whether the origin for all transition disk cavities is the same, or whether disks follow different evolutionary paths (Cieza et al. 2007) . Also, the distribution of cavity radii is not known, while this could constrain the birth sites of giant planets before migration. The analysis of a large unbiased sample of transition disks and candidates can provide firm constraints on their general properties. Spitzer surveys in all nearby (<500 pc) star-forming regions (Cores to Disks (c2d), Gould-Belt (GB) and Taurus) have provided identification and SEDs of several thousands of Young Stellar Objects (YSOs) (e.g. Evans et al. 2009; Rebull et al. 2010; Dunham et al. 2015 , and references therein), out of which many transition disk candidates. In addition, in recent years the AllWISE catalog with mid infrared targets has become available , and the Herschel Space Observatory (Pilbratt et al. 2010) has observed large parts of nearby star forming regions in the far infrared. Due to the availability of Spitzer data combined with WISE and Herschel data, the timing is perfect for a large transition disk SED survey.
In this work, we analyze transition disk candidates selected from the Spitzer catalogs using robust color criteria developed by Merín et al. (2010) . These criteria were developed after deep analysis of the SEDs including IRS spectra. Our sample is complemented by additional candidates and known transition disks from the literature. The SEDs are complemented with optical, new archival far infrared Herschel, Spitzer IRS spectra (where available) and new submillimeter observations and are modeled using the dust radiative transfer code RADMC-3D with a generic disk structure with a cavity. The main parameter of interest is the cavity size r cav . In Section 2 we discuss the selection criteria of the sample and the additional observations, Section 3 presents the results of the observations, Section 4 discusses the modeling procedure and limitations and the resulting disk parameters and in Section 5 we discuss the robustness of the sample and comparison with previous studies. One of the aims of this study is to define a large sample of transition disk candidates with dust cavities that are large enough to be imaged in the future by ALMA (≥10 AU or ∼0.03", for the largest distances). The resolved images of gas and dust will provide more clues on the origin of the dust cavities and the place of transition disks in disk evolution.
Observations

Target selection
The c2d, GB and Taurus Spitzer Legacy programs completed full infrared surveys using the Infrared Array Camera (IRAC; 3.6-8.0 µm) and Multiband Imaging Photometer (MIPS; 24-160 µm) in the nearby star-forming regions (≤450 pc), resulting in more than 3000 identified YSOs (see Table 1 for an overview of papers presenting the data). Several bright YSOs from the c2d survey were targeted for additional observation with the Spitzer InfraRed Spectrograph (IRS; 5-35 µm). Merín et al. (2010, hereafter M10) analyzed 35 possible transition disk candidates for which IRS spectra were available in detail through SED modeling, and defined two sets of color criteria: 
Notes.
(a) The distance to Serpens is uncertain, but recent VLBA observations put it at 415 pc (Dzib et al. 2011) , which has been used in this study. Andrews et al. 2009 ), but may also include some disks without holes (M10). M10 finds one transition disk with a particularly large hole (Sz 84, object 17), which falls outside of the color criteria mentioned above. Inspection of its SED reveals a steep slope between the 24 µm and 70 µm flux. Therefore we set an additional color criterium:
In this case the MIPS-2 flux at 70 µm has to be detected rather than an upper limit. Due to the large beam size of Spitzer at 70 µm of 18", this flux can be confused with nearby sources. The long wavelength flux thus has to be taken with extra care for the Region L criteria. The Region L targets are not mutually exclusive with the Region A criteria: some targets follow in both. The color criteria were applied to the three main Spitzer catalogs, listed in Table 2 , resulting in 153 candidates. In addition to the catalogs, we searched the literature for additional transition disk candidates, by using the color criteria on Spitzer targets that were not included in the catalogs (row 'Other' in Table 2 ), finding an additional 12 disks. Targets in Orion, Cepheus (Kirk et al. 2009 ) and IC 5146 (Harvey et al. 2008) are not included due to their large distances (450, 500 and 950 pc respectively). Finally, we added 7 confirmed transition disks known from resolved millimeter imaging and 21 targets that were marked as transition disk candidate by various authors, but were not yet included by the color criteria. The number of targets from various selections are listed in Table 2 with corresponding references. All targets in the sample are listed in Table A.1. Several of the color-selected targets have been identified as transition disk candidates or confirmed by millimeter imaging, as indicated in the last column of Table A.1.
The distance to Serpens is uncertain, with values between 250 and 400 pc (discussion in e.g. Oliveira et al. 2009 ). However, VLBA observations have set a distance of 415 pc for the Main Cloud (Dzib et al. 2010) , which has been used in more recent work (Erickson et al. 2015; Ortiz-León et al. 2015) , and has also been used in this study. (Evans et al. 2009) 30 34 9 GB 25 15 31 Taurus (Rebull et al. 2010) (a) Targets were selected using our color criteria in the following papers, for targets not included in the c2d/GB/ Taurus Luhman et al. (2010) (b) Some targets were added from the literature that did not follow the color criteria. Imaging targets were taken from Piétu et al. (2006); Ohashi (2008) ; Brown et al. (2009); Isella et al. (2010a) ; Andrews et al. (2010 Andrews et al. ( , 2011 Rosenfeld et al. (2013); van der Marel et al. (2013) . The other targets were identified as transition disk candidate by Megeath et al. (2005) 
Additional photometry
For each target, an SED was constructed using the Spitzer IRAC and MIPS photometry, complemented with optical B, V and R data from the NOMAD catalog (Zacharias et al. 2005 ) and near infrared J, H and K photometry from 2MASS (Cutri et al. 2003) . Reduced Spitzer IRS low-res spectra of 5-35 µm were taken from the Cornell Atlas of Spitzer/IRS Sources (CASSIS) (Lebouteiller et al. 2011 ) when available. For ID63 (DoAr28), the IRS spectrum in CASSIS included extended emission, a properly reduced spectrum was kindly provided by Melissa McClure (McClure et al. 2010) . Unfortunately IRS spectra are not available for the entire sample, while colors only provide limited constraints on the derived cavity size. Bright isolated targets could be complemented with IRAS photometry, especially when Spitzer data were saturated. The Wide-field Infrared Survey Explorer (WISE) performed an all sky survey in four wavelength bands: 3.4, 4.6, 12.0 and 22 µm leading to the AllWISE Source catalog . The coordinates of the targets in our sample were matched with the WISE targets (within 2") and the fluxes were added to the SEDs. Although 3 of the 4 bands overlap with Spitzer, the 12 µm flux provides an important data point in between IRAC and MIPS wavelengths when no IRS spectra are available. Furthermore, the diffraction limited beam size of the WISE satellite is twice as large as the Spitzer beam (see Table 3 ). The comparison between the WISE 22 µm flux with the MIPS-1 24 µm flux gives an independent check of confusion at longer wavelengths: if the 22 µm flux is much larger, there is likely a nearby source that will confuse 70 µm MIPS-2 flux as well. Although the Spitzer c2d and GB catalogs provide a quality flag on the MIPS-2 flux (MP2_Q_det_c) for possible confusion, this independent alternative check showed more directly which targets were confused at longer wavelengths. A difference between the 22 and 24 µm flux could also originate from infrared variability, for example due to scale height changes in the inner disk (e.g. Flaherty & Muzerolle 2010; Espaillat et al. 2011) . However, such variability is typically on the order of 20-40%. Therefore, we only consider confusion if the difference in flux is more than 50%. The fluxes of different telescopes are taken with years in between, so without infrared monitoring there is no possibility to quantify this effect for the targets in our sample, but the effect on our SED modeling is expected to be minor. The following targets were removed from the sample due to possible confusion and their SEDs were not further analyzed: IDs 30, 32, 82, 85, 86, 88, 90, 92, 93, 95, 97, 98, 116, 123, 126, 202, 346 and 347. At longer wavelengths, the SEDs were complemented with (sub)millimeter data from the literature where available (see refs in Table C .1). A subsample of the remaining targets were observed with the James Clerk Maxwell Telescope (JCMT) 1 and the Atacama Pathfinder Experiment (APEX) 2 . Targets were selected on their expected submillimeter brightness considering their 70 µm flux (brighter than ∼140 mJy). The details of these observations are discussed in Section 2.3.
The SEDs were further complemented with far infrared fluxes from the Herschel Space Observatory (Pilbratt et al. 2010) . The data reduction is discussed in Section 2.4.
Submillimeter observations
Observations of 32 of our targets were taken with the SABOCA and/or LABOCA instruments at the APEX telescope at the Chajnantor plateau in Chile. Observations were taken in service mode in 2012 and 2013 in ESO programs 089.C-0940, 090.C-0820 and 091.C-0822 and Max Planck programs M0010_88 and M0003_90. SABOCA is a 39-channel bolometer array operating at 350 µm (Siringo et al. 2010) , LABOCA is a 295-channel bolometer array at 870 µm (Siringo et al. 2009 ). Imaging was performed in wobbler on-off mode. For a few sources, imaging was also performed in mapping mode (map size 1.5') to check the pointing and to check for extended emission. One source (MP Mus, ID20) was observed with the new ArTeMiS camera in mapping during its commissioning phase, operating at 350 µm (Revéret et al. 2014) . Integration times were 5-40 minutes on source. The data were reduced using the CRUSH software (Kovács 2008) and (for the wobbler observations) verified using the BoA software (Schuller 2012) . The results from both reduction techniques were found to agree within error bars and the CRUSH results are reported in Table 4 . Flux calibration uncertainties (not included in Table 4 ) are typically 10% for LABOCA and 25-30% for SABOCA.
Observations of 41 of our targets were taken with the SCUBA-2 instrument at the JCMT telescope at Mauna Kea, Hawaii. Observations were taken in service mode in 2012 and 2013 in programs M12AN07, M12BN13 and M13AN01. SCUBA-2 is a 10,000 pixel bolometer camera operating simultaneously at 450 and 850 µm (Holland et al. 2013) . Imaging was performed in the smallest possible map size (Daisy 3' pattern). Observations were taken in grade 3-5 weather, which is generally insufficient for observing at 450 µm, so only the 850 µm data are considered. Integration times were 5-50 minutes on source. The data were reduced using the default online pipeline. The resulting FITS images were inspected by eye for extended emission and fluxes and noise levels were derived. The noise levels were estimated by measuring the standard deviation in the map, after subtraction of point sources. The results are reported in Table  5 . The flux calibration uncertainty (not included in Table 5 ) is typically 10% for SCUBA-2.
Herschel observations
We have searched the Herschel Science Archive for observations with the PACS broadband photometer (Poglitsch et al. 2010) at the coordinates of all targets in the sample. In photometry mode, PACS observes simultaneously at either 70 (PACS blue) and 160 µm (PACS red) or 100 (PACS green) and 160 µm. Therefore, targets are recovered in either two or three of these wavelength bands. Only data products of reduction level higher than 2.0 were used, using the high pass filter.
Photometry of the PACS data was performed using the annularSkyAperturePhotometry-task in the Herschel Interactive Processing Environment (HIPE), version 12.1.0. This task derives background-corrected fluxes from point sources by comparing the flux inside a region centered on the point source and an annulus around it. We used the values for the aperture and annulus radii as used by Ribas et al. (2013) . The background was estimated using the DAOPhot algorithm. Errors were estimated manually at several positions near the source position, to avoid including nearby extended emission originating from clouds. The presence of nearby clouds is indicated in Table D .1. The flux calibration uncertainty (not included in Table D .1) is typically 5% for PACS photometry.
Optical spectroscopy
Stellar properties such as the spectral type must be determined to correct for the extinction and deredden the SED flux points. The stellar luminosity is required to understand and interpret the SEDs properly. For about half of the targets in the sample, spectral types are available from the literature. The targets without known spectral type were observed with optical spectroscopy.
Optical spectra were taken for 90 targets, including reobservation of 24 targets for which the literature spectral type was still uncertain. We obtained low resolution optical spectra with the Intermediate dispersion Spectrograph and Imaging System (ISIS) on the William Herschel Telescope 3 from 4-8 August 2012. The D5700 dichroic splits the light at 5700 Å into red and blue channels. The red emission then passes through the GG495 filter and is dispersed by the R158R grating to generate spectra from 5600-10000 Å at R ∼ 1200. The blue emission is dispersed by the R300B grating to generate spectra from 3200-5800 Å at R ∼ 1800.
R magnitudes ranged between 9 and 19 mags, requiring integration times between 1 and 60 minutes. The slit width was set each night depending on the seeing.
The spectra were reduced with custom written codes in IDL, including flatfield and cosmic ray corrections. The wavelength calibration was obtained from arc lamp spectra. An initial flux calibration was performed with observations of spectrophotometric standards G191 B2B, EG 274, G93-48, and LTT 6248, repeated several times each night (Oke 1990; Hamuy et al. 1992) The spectral types of stars in our sample were estimated following the approximate method described by Herczeg & Hillenbrand (2014) , based on the spectral compilation by Pickles (1998) at early spectral types and Luhman (e.g. 2004) for late K and M dwarfs. For K and M stars with accretion, the spectral types estimates include a rough correction for veiling from the accretion continuum. The spectral types are estimated to be accurate to a few subclasses at spectral types earlier than K5 and 0.5-1 subclass for late K and M stars. The Hα line equivalent width was calculated by fitting a Gaussian profile to the line.
Results
Stellar parameters
Spectral types as derived from our observations and taken from the literature are given in Table A There may be additional contamination in the sample by giants, especially in Serpens. For a handful of targets, the spectral type could not be determined to subtype accuracy. This paper presents new spectral types for 85 targets. For our final sample, spectral types are known for ∼85% of our targets. The uncertainty in the spectral type of a few subclasses results in less than 0.2 dex uncertainty in the bolometric luminosity, which is sufficient for our purposes of modeling the SED with a simple disk structure.
Spectral types are converted to the effective temperature T eff using the scales in Kenyon & Hartmann (1995) . The extinction A V and stellar luminosity L * (or stellar radius R * , as L * = 4πR 2 * σT 4 ) are fit simultaneously to the SEDs, assuming the distances listed at the bottom of Table A.1. Kurucz models of stellar photospheres (Castelli & Kurucz 2004 ) are used as templates for the broadband emission. The 2MASS J-band and optical V and R band fluxes are taken as reference to constrain the fit, assuming no excess in these bands, and assuming no significant veiling or variability through accretion or extinction Stauffer et al. 2014) . When both V and R were missing, the extinction was estimated adopting A J = 1.53×E(J − K), where E(J −K) is the observed color excess with respected to the expected photospheric color (Kenyon & Hartmann 1995) , depending on its spectral type. The extinction law is parametrized as a function of wavelength assuming R V =5.5 (Indebetouw et al. 2005 ) and scaled to the visual extinction A V . The resulting values are listed in Table A .2. Stellar masses are derived by interpolation of evolutionary models of Baraffe et al. (1998) in the position of the target on the HR diagram, although these are only approximations due to the uncertainties in the spectral type. For targets that could not be fit by the Baraffe models (which only include stars up to 1 M ⊙ ), masses were derived using the evolutionary models by Siess et al. (2000) . Since uncertainties in stellar age are large, they are not tabulated here. We note that for the Serpens targets an alternative distance of 250 pc as used in previous work would often result in very high age estimates (>10 Myr), confirming that the 415 pc used here is likely more accurate (also demonstrated in Oliveira et al. 2009 Oliveira et al. , 2013 . For 10 targets no stellar mass could be derived, suggesting that their derived stellar properties are uncertain. Most of these are targets without known spectral type or late M stars.
The presence or absence of accretion can be assessed from the strength and shape of emission of the Hα and other optical lines (e.g. White & Basri 2003; Natta et al. 2006) . Although A&A proofs: manuscript no. Paper_acc a proper treatment of the accretion requires simultaneous fitting of extinction, luminosity and accretion through broadband spectroscopy (e.g. with X-shooter, Manara et al. 2014) , as accretion also results in broadband UV/blue excess, the analysis in this study is limited to a simple designation of accretion by the width of the Hα line. We do not aim to quantify the accretion in terms of M ⊙ yr −1 due to the large uncertainties when deriving accretion from the line width only. Both the equivalent width EW [Hα] and the Hα 10% width have been used to distinguish between accretors and non-accretors, where the EW[Hα] cut-off depends on the spectral type (White & Basri 2003) . Typically, a star is classified as an accretor if the Hα 10% width is >300 km s −1 (Natta et al. 2004) , or if EW[Hα] > 3Å for an early-K star, > 10Å for a late-K star and > 20Å for an M star. Since other studies often only list the EW[Hα] values, our accretion designation is largely based on that.
In recent years, several YSOs have been analyzed with broadband high resolution spectroscopy, including some of the targets in our sample (e.g. Alcalá et al. 2014; Manara et al. 2014) . This accretion information is preferred to that derived from the equivalent width as this method is more reliable, and those targets have been marked explicitly in Table A .2. Accretion properties are known for 84% of our sample: about 64% of these targets are accreting, the remaining targets show little or no signs of accretion.
Long wavelength photometry
The submillimeter photometry resulted in a total of 34 detections and 39 upper limits, listed in Table 4 and 5. In addition, we have taken (sub)millimeter photometry from the literature (see Table C .1). With 57 (sub)mm detections and 47 upper limits, about 50% of the targets in our sample have constraints at longer wavelengths. Herschel PACS surveys cover 92% of our targets. The derived fluxes and upper limits are listed in Table D .1 and images of the cut out maps are given in Figure. For 152 targets at least one of the three wavelengths results in a detection. For 18 targets the emission is confused by cloud emission at all three wavelengths, for 27 only at 100 and 160 µm and for 62 targets only at 
Notes.
(a) The flux is contaminated by extended emission near the source position.
160 µm. For 25 of the targets without cloud confusion no flux is detected at any of the wavelengths.
The PACS 70 µm fluxes and upper limits are consistent with the MIPS-2 fluxes and upper limits. The PACS sensitivity is sometimes shallower than the MIPS-2, resulting in a higher upper limit. For some targets, a more thorough data reduction of the PACS data was performed in other work (Ribas et al. 2013; Olofsson et al. 2013; Bustamante et al. 2015) . In Table 6 the derived fluxes and upper limits are compared. Our values are similar within errors with previous estimates, confirming the validity of our data reduction.
Disk parameters
Millimeter fluxes can be used to obtain a rough estimate of the disk mass (gas+dust) assuming optically thin dust emission and a gas-to-dust ratio of 100. Disk masses M disk,mm in our sample are calculated following the relations presented in Cieza et al. (2008) with standard assumptions and parameters:
with F λ the flux at wavelength λ and d the distance to the star. Using this relation, disk masses of our sample range between <0.4 and 168 M Jup , and an average disk mass of 14 Jupiter masses, similar to large millimeter studies of disks (e.g. Andrews & Williams 2007a ). However, these disk masses remain highly uncertain as the vertical structure, cavities and the stellar radiation field are not taken into account and the dust opacities and gas-to-dust ratio are uncertain. Furthermore, we derive L disk for each target by integrating over all data points after subtraction of the fitted stellar photosphere. The ratio L disk /L * is a measure of disk processing, Article number, page 6 of 45 N. van der Marel et al.: The (w)hole survey (2015) as it traces the total amount of dust that is reprocessing stellar light. As disks become more tenuous, settle and eventually disappear, L disk is expected to decline. The majority of the disks have 0.001 < L disk /L * < 0.4, as expected for flared disks. Disks with L disk /L * < 10 −3 are generally considered as debris disks (e.g. Wahhaj et al. 2010 ). On the other hand, targets with L disk /L * >> 1 are either embedded Class I objects or edge-on disks which are more difficult to analyze ). ID178 has L disk /L * ∼ 17 and is thus removed from the analyzed sample.
Both L disk /L * and M disk,mm are listed in Table A .3. The final sample consists of 184 targets for which the SEDs will be analyzed.
Modeling
In order to determine the presence of a dust cavity and measure its size, the SEDs are modeled using the dust radiative transfer code RADMC-3D 4 (Dullemond & Dominik 2004) . This code performs a Monte Carlo continuum radiative transfer calculation based on the input dust density profile and stellar photosphere, followed by raytracing of the SED. The model has a large number of input parameters and we have fixed as many as possible that are not important for our science goals. The model assumes a passive disk which reprocesses the stellar radiation field.
The modeling procedure consists of two steps: first using a rough grid with a broad range of parameters, followed by a finer grid for the specific stellar type. The modeling was performed blindly, without taking any results from previous SED modeling or imaging studies, for an uniform approach for each disk in this sample. In Section 5 the derived parameters are compared with previously found results.
Approach
The disks are modeled using a large grid of models, computed by RADMC-3D. The model assumes an axisymmetric gas surface 4 www.ita.uni-heidelberg.de/~dullemond/software/radmc-3d/ Fig. 1 : Gas surface density profile used for the modeling, assuming a gas-to-dust ratio of 100. density profile, following a radial power-law
with r c the characteristic radius and GDR the gas-to-dust ratio set to 100. The outer radius is set to 200 AU and the inner radius to the sublimation radius r sub with r sub = 0.07(L * /L ⊙ ) 1/2 , assuming a sublimation temperature of 1500 K (Dullemond et al. 2001) . The characteristic radius r c is set to 25 AU. The dust density inside the cavity is parametrized by setting the density equal to zero between r gap and r cav . The inner disk (between r sub and r gap ) is set by varying δ dust to fit the near infrared excess (see Figure  1 ). The r gap is fixed to 1 AU as it can not be constrained well by the SED. A full disk without a cavity is simulated by setting r cav = r gap .
The stellar photosphere in the model is described by its temperature and stellar luminosity, which has been fit independently A&A proofs: manuscript no. Paper_acc Fig. 2 : Distribution of spectral types, stellar masses, cavity sizes and disk masses (derived from SED fitting and from submillimeter flux) in this study. The disk mass is calculated assuming a gas-to-dust ratio of 100.
together with the extinction. The disk is assumed to be flared, so that the vertical structure of the disk is described by
with h c the scale height at r c and ψ the flaring angle, which are both varied to fit the near and mid infrared part of the SED. As the scale height is degenerate with the cavity radius, the flaring angle is taken as a conservative value of either 1/7 or 2/7, following Chiang & Goldreich (1997) . The derived cavity radius is thus likely a lower limit if the disk is flatter. With the inclusion of the Herschel fluxes, the scale height is better constrained than in previous SED modeling studies. Dust composition and settling is prescribed following Andrews et al. (2011) , with a large and small dust grain population where the large grains have a lower scale height than the small grains. The inclination of the disks is taken as a constant of 30
• and was not varied in the modeling, as only very high inclination angles (edge-on disks) result in a significant difference in the near infrared emission (and in addition, obscuration of the star). With our color criteria, edge-on disks are not expected to be included and also the computation of the stellar masses from the stellar luminosities implies that most of the targets are not edge-on (although higher inclinations than 30
• are still possible). The five free parameters are thus r cav , δ dust , Σ c or disk mass, h c and ψ, where r cav is the main parameter of interest. Note that Σ c represent the dust surface density. The fitting was performed in two steps. First, a large grid of models with a broad range of disk parameters and a limited number of stellar parameters was fit to each SED. Second, each SED was fine-tuned individually, using the exact stellar photosphere and starting from the best fit from the broad grid. The disk grids per object have a large range of cavity radii (our main parameter of interest), in combination with a small range of scale heights and disk masses. Although this approach is rather simple, results of SED modeling are known to be highly uncertain, especially for those targets without known spectral type, and the fitting results should only be considered as a first approximation of the structure. More detailed analysis and imaging data are required to fit individual targets more accurately.
In the fitting procedure, a χ 2 minimization was performed between the dereddened SED data points and the model SEDs. In the grid fitting, the data points were weighted by their excess above the stellar photosphere at each wavelength: fluxes at longer wavelengths got a larger weight than those in the optical and near infrared since the stellar photosphere is largely known from the extinction fitting. Uncertainties on the cavity radii are given in Table A .3, based on fits with up to 10% variation in χ 2 .
Results
Each SED can be fit to a disk model, with the majority of disks containing a cavity. Table A .3 presents the results of the fitting procedure. Figure 2 presents the distribution of hole sizes and disk masses (assuming a gas-to-dust ratio of 100) of the full sample, showing a broad distribution of both parameters. The disk masses obtained from the fit generally agree within a factor of 2-3 with the mass estimate from the millimeter flux. During the fit procedure it became clear that certain disks have really large cavities (>100 AU) but very low scale heights, which can not be well reproduced by our flared models. These disks are likely debris disks, as also suggested by their low L disk /L * values. Recently, a sample of similar young WTTS disks were found to be gas-poor debris disks by ALMA observations (Hardy et al. 2015) . 
For the disks classified as NH (no hole), we have excluded the targets that could be fit with a cavity >1 AU within the 10% χ 2 limit. A large fraction of the disks (∼23%) falls in the ML category of large holes in massive disks. It turns out that several of these disks are indeed the famous, bright disks with large inner holes known from imaging surveys (Andrews et al. 2011; Williams & Cieza 2011) , confirming the strength of our SED modeling, even if rather simple. The new targets in the ML, MS This value is not a real cavity size, but a transition radius: the disk was fit with a surface density profile that radially increases and decreases, peaking at 26 AU. and some in the LL groups are promising disks for follow up observations with ALMA. Excluding the DD and NH disks, a total of 133 targets (72% of our analyzed sample) can be labeled as disks with cavities, transition disks. More than half of these (∼ 70 targets) are new transition disks; about 40 had been imaged or modeled before and another 20 had been recognized as a possible transition disk. Of the new transition disks, two thirds have a known spectral type.
Discussion
The SED modeling has confirmed the presence of cavities in a large sample of transition disks. At least 72% of the sample could be modeled as a disk with a cavity, including about 110 new transition disks that had not been identified as transition disk before.
Comparison of cavity radii with literature values
In order to quantify the quality of our models, the fit results for the cavity size are compared with values from the literature from both SED modeling and resolved millimeter imaging in Table  7 and Figure 3 . The cavity radii generally agree well within a factor of two with previously derived parameters. Especially the similarity to the imaging results is encouraging: this implies that a large number of our new targets are suitable for resolved imaging. Exceptions for the imaging targets are T Cha, RY Tau and AB Aur. For T Cha the overestimate of the cavity size could be caused by the assumed low inclination in our models: imaging has shown that the inclination is in reality ∼ 67
• so close to edgeon (Huélamo et al. 2015) , affecting the near infrared emission Table 7 . The black circles indicate the literature results from imaging, the blue diamonds from modeling.
from the inner disk. Also their flaring angle is lower than ours. For RY Tau, the cavity radius found by imaging is not defined in the same way as here: it is the peak of the mm dust surface density, assuming a surface density that first increases and then A&A proofs: manuscript no. Paper_acc decreases with radius (Isella et al. 2010a) . Therefore, the values can not be compared directly. For AB Aur, only a very small hole of at most 2 AU can be fit with our models, while millimeter imaging has revealed a large cavity of 115 AU at 1.4mm, with a complex, possibly spiral-arm structure (Piétu et al. 2005; Tang et al. 2012) . As the AB Aur disk is still embedded in a envelope, the mid infrared emission is likely confused by cloud emission, which can explain this discrepancy between the SED and the millimeter image. The comparison with SED modeling shows large discrepancies for CHXR22E, T54, CR Cha and IP Tau. These targets were not modeled with a full radiative transfer code but a parametrized temperature profile and optically thin dust emission inside the cavity rather than an inner disk (Kim et al. 2009; Espaillat et al. 2011) , so the results can not be compared directly.
Binaries
Some transition disks can be explained as circumbinary disks due to the dynamical interaction between the disk and a stellar companion. The cavity size is expected to be ∼2 times as large as the binary separation (Artymowicz & Lubow 1996) . The fraction of the transition disks in our sample for which binarity has been studied is limited, but for those targets where spatially resolved information is available from the literature (either detections or upper limits), the properties are listed in Table 8 , together with the cavity sizes found in this study.
Although for a handful of targets the cavity can indeed be explained by a binary companion, for the bulk of the disks the limits are not sufficient to exclude circumbinary disks. Previous binary studies of transition disks also revealed that most of the sharp cavities are not due to binary systems (Pott et al. 2010; Vicente et al. 2011 ).
Accretion
By combining the outcome of the SED modeling with our information on accretion, the possibility of photoevaporation as origin of the cavities can be checked. According to photoevaporation models (e.g. Alexander et al. 2006) , UV photons from the star heat and ionize the gas in the disk; beyond a critical radius, the thermal velocity of the ionized gas exceeds its escape velocity and the material is dissipated as a wind. During the lifetime of the disk, the accretion rate is expected to gradually de-crease: when the rate drops below the photoevaporation rate, the outer disk can no longer resupply the inner disk with material and an inner hole is formed. This process is called photoevaporative clearing, and transition disks created by this mechanism are expected to have no or very low accretion, although only disks with small inner cavities can be explained by this mechanism (Owen 2015) . Clearing of a gap by a planet and photoevaporation could also happen simultaneously (e.g. Rosotti et al. 2013) , making the distinction not purely measurable by accretion alone. Figure 4 shows the number of objects in each class that are accreting/non-accreting. The accretors are dominated by disks without holes and massive disks with large holes, which are likely transition disks with a cavity due to clearing by a companion. The non-accretors are dominated by the low-scale height low-mass disks (DD), confirming that they are likely debris disks. The non-accreting low-mass disks are possibly disks where the hole is caused by photoevaporative clearing, consistent with the so-called mm-faint disks (Owen & Clarke 2012; Owen 2015) in contrast with the mm-bright transitional disks. On the other hand, there are several low-mass accreting disks as well, so there is no general trend for the low-mass disks. The non-accreting disk without a hole (J034520.5+320634, ID171) is an outlier, but the equivalent width of this target is on the edge of accreting/non-accreting, probably due to the ubiquitous variable accretion (Mendigutía et al. 2012; Venuti et al. 2014) , and should thus have been classified as an accretor. 
Evaluation of color criteria
Considering the high success rate of new transition disks found in the sample in this study, it is now possible to re-evaluate the criteria used to select the targets. Figure 5 presents the the resulting classifications from our SED modeling for each of the four color selection criteria.
From Figure 5 it is clear that the disks without holes are most dominant in the B criteria, but overall at a low fraction. The L criteria are particularly biased towards the low scale height disks and low-mass disks with large holes. Massive disks with large holes are found in all colors. Evaluating the M10 criteria directly in the color-color plot, the DD disks fall outside the A and B range. A small amount of disks with holes falls outside the range of the A, B criteria (these are targets from the literature), generally with a shallower 8-24 µm slope. 
Comparison with Cieza survey
A previous large survey of transition disk candidates was performed by Cieza et al. (2010 Cieza et al. ( , 2012b and Romero et al. (2012) , who selected a sample of candidates using their own color criteria. Rather than SED modeling, they apply criteria based on a range of observables (disk mass, L disk /L * , accretion, multiplicity, infrared spectral slope α excess and the wavelength where the disk emission starts to dominate, λ turnoff ) to determine the origin of the dust deficit in their disks: circumbinary disk, photoevaporative clearing, debris disk, grain growth or planetary clearing.
Of particular interest are their planet-forming disks, which are massive, accreting disks with sharp cavities (α excess > 0). Their final target list is compared with our sample, and the colors A&A proofs: manuscript no. Paper_acc used for our color criteria have been derived for all their targets. Note that 27 of their 92 targets are already present in our sample, either selected by the color criteria or by their classification in the literature. Figure 7 shows how their categorization overlaps with our color criteria. Our A and L color criteria are clearly favored in the planet forming disks, while many of the less interesting disks from our perspective (grain growth, debris disks) fall in category, 'O', outside our color criteria. Several of the photoevaporation disks also follow the A criteria. This comparison confirms that our color criteria are good at selecting disks with sharp inner cavities. Finally, Figure 9 shows how the classification of Cieza et al. compares with our classification for our targets. Note that we have included all our targets in the comparison, computing the values of α excess and λ turnoff ourselves, in order to put them in the Cieza classification. Planet forming disks fall mostly within the class of massive disks with large cavities, while photoevaporation and debris disks are mostly consistent with low-mass disks. Neither of this is a surprise, considering the categorization of Cieza et al. (2010) . Disks without holes all fall within the category of grain-growth disks. On the other hand, several other disks in the grain-growth category could be fit with a disk including a cavity. Note that circumbinarity is not well-constrained for most of our sample and therefore not included.
Evolution
The L disk /L * ratio is generally taken as a measure of disk evolution. For the targets in this study, there is a hint of a trend, with larger cavity radii and generally more non-accretors for lower L disk /L * (Figure 10a ). This implies a general growth of cavity sizes with time while accretion decreases.
A relation between disk mass and cavity radius has been noted in previous studies and interpreted as a gravitational process, where larger disk masses produce more massive planets, clearing larger cavities ). This study shows no trend between disk mass and cavity size. However, accretors are generally more massive than non-accretors (Figure 10b ).
Both trends are susceptible due to the uncertainties in r cav and biased due to the presence of many low-mass disks with large cavities in our sample, which are more likely to be debris disks than transition disks. When the DD disks are removed from the sample, there is barely a visible trend.
Cavity radii and exoplanets
If the origin of the dust cavity radii lies in forming planets, a connection should exist between the orbital radii of exoplanets and disk cavity radii according to planet-disk interaction models (Pinilla et al. 2012) , unless planets migrate from their birth location. Planets are expected to clear cavities up to twice their orbital radius. We investigate this relation in Figure 11 . Only cavity radii >2 AU are considered. Both samples are heavily biased, especially there is a lack of planets on orbits larger than 5 AU (radial velocity limit), whereas disk cavity radii can not be detected below 2 AU. The exoplanet data is only fairly complete for r <1 AU (from Kepler) whereas there is no information about transition disk cavity radii at this limit. Therefore, we cannot test any connection with the current data but as both disk and exoplanet will start to fill the critical 2-10 AU range in the coming years it will be important to search for such a relation. A trend is seen between cavity radius and stellar mass (blue and red points in Figure 11 ) as seen in previous work (Kim et al. 2009; Merín et al. 2010 ).
Transition disks within the full YSO sample
A total number of 133 transition disk candidates (ML, MS, LL or LS category) is confirmed through the SED modeling. 108 of these are from one of the main Spitzer catalogs (c2d, GB or Taurus) of YSOs in nearby star forming regions. These three catalogs add up to 3331 YSOs, out of which 1387 are classified as disks (Class II objects). This means that approximately 8% of the disks in star forming regions are expected to be tran- sition disks, considering only the targets from the Spitzer catalogs. Assuming a Class II lifetime of 3 Myr Ribas et al. 2015) , this implies a transition disk lifetime of 0.24 Myr, assuming that disk evolution is continuous over the timespan of the Class II lifetime. More specifically, assuming that transition disks evolve by dissipating mass, the first stage of massive disks (MS+ML, 45 targets) is about 90 kyr, followed by A&A proofs: manuscript no. Paper_acc a longer period of low-mass disks (LS+LL, 63 targets) of 150 kyr. Although it is tempting to conclude that disk dissipation is rapid (Williams & Cieza 2011; Owen 2015) , it should be noted that about half of the low-mass disks in the sample is still accreting (see Figure 4 ) and disk mass alone cannot be used as a robust measurement of transition disk evolution.
Summary
The main results of this work are summarized as follows.
1. A large sample of ∼200 transition disk candidates is presented and analyzed. Candidates are primarily selected from the Spitzer catalogs using the color criteria from Merín et al. (2010) , with some additional targets from the literature. 2. The Spitzer data of the targets have been complemented with new submillimeter fluxes, Herschel-PACS archival data and optical/near infrared spectroscopy for spectral typing and accretion properties. 3. All targets are analyzed using RADMC-3D modeling with a limited number of parameters: disk mass, inner disk mass, scale height and flaring, and disk cavity radius, where the latter is the main parameter of interest. 4. The derived cavity sizes are consistent with imaging/modeling results in the literature where available. 5. Using the derived properties, the disks are categorized in disks without holes, large/small holes and massive/low-mass disks and very low scale height disks. The latter are likely debris disks. A large fraction of the targets falls in the category of disks with large holes, including several previously imaged disks. 6. Based on this classification, 133 targets (72% of the sample) are disks with cavities, including about 70 new transition disk candidates that had not been identified before. 7. The color criteria are evaluated and compared for the targets in the Cieza studies (Cieza et al. , 2012b Romero et al. 2012) . In general, our color criteria are a proper tool to select transition disk candidates. 8. The cavity radius increases with stellar mass. 9. The sample list provides a large number of transition disk candidates that are suitable for follow-up observations with ALMA. Refs. 1) Alcala et al. (1995) , 2 (a) Disk masses refer to the full disk mass, computed assuming a gas-to-dust ratio of 100.
(b) NH = disks without holes, ML = massive disks with large holes, MS = massive disks with small holes, LL = low-mass disks with large holes, LS = low-mass disks with small holes, DD = low-mass disks with very low scale heights. See also definition in the text.
This section presents the fluxes and cut out maps of the Herschel PACS photometry. 
